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SUMMARY
The sera of autoimmune and other mouse strains were analysed by high resolution two
dimensional gel electrophoresis and silver staining. The most striking finding was the
presence of unusually acidic immunoglobulin light chains in sera from 4-5 month old
MRL/Mp-lpr/lpr mice. Similar light chains were found in lesser amounts in NZB/NZW
and BXSB sera, and traces were observed in MRL/Mp- + / +, NZB, and in normal sera.
The intensity of the acidic light chain spots increased with age in MRL/Mp-lpr/lpr mice,
coincident with the development of autoimmunity. These acidic light chains circulated as
components of complete IgG molecules, as they were no longer demonstrable in serum
which had been rendered free of IgG by absorption with Cowans strain staphylococci.
Because both cryoglobulins and glomerular eluates from MRL/Mp-lpr/lpr mice con-
tained acidic immunoglobulin light chains, these molecules may be involved in immune
complex formation and resultant injury.
Keywords lupus animal models immunoglobulins light chains two dimensional
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INTRODUCTION
The spontaneous systemic lupus erythematosus (SLE) like syndromes of the NZB,
(NZB x NZW)Fl, BXSB and MRL mice have received much attention as possible models of
human autoimmunity (Andrews et al., 1978; Eisenberg & Cohen, 1982). The MRL congenic mouse
strains are particularly intriguing, as the expression of the lpr gene in the MRL/Mp-lpr/lpr (lpr)
mouse results not only in massive lymphoid hyperplasia, but also in hypergammaglobulinaemia,
autoantibody formation, and fulminant acceleration of the indolent autoimmune disease of the
MRL/Mp- + /+ mouse (+ / +). Because the + / + mouse is genetically identical to lpr except for
expression of a wild type gene at the lpr locus (Murphy & Roths, 1978), its serum proteins can fairly
be compared to those of the lpr mouse. The studies presented here employed high resolution two
dimensional gel electrophoresis combined with a sensitive silver stain to search for proteins or their
subunits which might be present in lpr sera but not in + / +, or vice versa, and thus yield clues to the
mechanism of action of the lpr gene. Additionally, the technique was used to identify the proteins
present in immune complexes contained in cryoglobulins and kidney eluates from autoimmune
mice. We found that serum of lpr mice with active autoimmune disease contained immunoglobulins
with unusually acidic light chains (isoelectric point, about 4 0). Such light chains were also seen in
(NZB x NZW) Fl and BXSB serum, and in much lesser amounts in + / + and normal mouse serum.
The appearance of acidic light chains in lpr sera did not appear solely to be due to
hypergammaglobulinaemia, as prominent acidic light chain spots were seen in the serum of
individual lpr mice with relatively low IgG levels, and only faint spots were seen in some sera with
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extremely high levels. Acidic light chains were also demonstrable in lpr cryoglobulins, and renal
eluates.
MATERIALS AND METHODS
Mice. MRL (+ / + and lpr) and BXSB mice were bred in our animal colony from breeding pairs
originally obtained from Jackson Laboratories, Bar Harbor, Maine, USA. NZB mice were
purchased from the same source, and C57BL and A.SW mice were obtained from Dr Geoffrey
Haughton, University of North Carolina. (NZB x NZW)F 1 sera were obtained from mice bred at
the Scripps Clinic and Research Foundation, La Jolla, California, USA.
Samples, pre-treatment and electrophoresis. One microlitre of mouse serum, diluted 10-fold with
distilled water was the standard sample. Other samples consisted of serum cryoprecipitates and
supernatants from lpr mice and eluates from the kidneys of these mice. Samples were diluted in
25-50 1 of sample buffer containing per litre, 2 5 g of sodium dodecyl sulphate, 100 g of glycerol and
50 g of 2-mercaptoethanol, and denatured by heating at 950C for 5 min. First dimension isoelectric
focusing separations were done in polyacrylamide tube gels containing per litre, 9 mol of urea, 20 ml
of Nonidet P40 detergent (Particle Data Lab., Elmhurst, Illinois, USA) and 50 ml of Bio-Rad
ampholytes (50% 3-10 and 50% 4-6) for 6,000 volt-hours. The pH gradient in tube gels was
estimated by use of a microelectrode.
Second dimension (molecular mass) separations were in polyacrylamide slab gels consisting of a
4-5% stacking gel and a 10% running gel. The electrophoretic buffer contained TRIS, glycerine and
sodium dodecyl sulphate as described by O'Farrell (1975). After electrophoresis, second dimension
gels were fixed overnight in water/methanol/acetic acid (40/50/10 by volume). They were rehydrated
the next morning in distilled water for 2 h with several changes and stained with silver (Oakley,
Kirsch & Morris, 1980).
Quantitation of IgG levels. IgG levels were measured by radial immunodiffusion (Mancini,
Carbonara & Heremanns, 1965), using purified mouse IgG (Miles Laboratories, Elkhart, Indiana,
USA) as well as a variety of myeloma proteins, as standards.
Identification of light chains on two dimensional gels. The proteins in two dimensional gels were
electrophoretically transferred to nitrocellulose (Towbin, Staehelin & Gordon, 1979), and the latter
overlayed with biotinylated affinity purified goat antibodies to K light chain, followed by avidin
horseradish peroxidase and aminoethylcarbazole substrate.
Preparation of kidney eluates. Renal eluates were prepared as previously described (Woodroffe
& Wilson, 1977). Kidneys were frozen, chopped with a razor blade, and then homogenized in an
Omni mixer. Homogenates were washed seven times in phosphate-buffered saline (PBS) in a Sorvall
centrifuge at 15,000 r/min, then digested with DNAase for 20 min at 37°C, and refrigerated
overnight. Potassium thiocyanate was added to each sample, and the samples centrifuged as above
and then dialysed against PBS. The globulins were precipitated with an equal volume of 100%
saturated ammonium sulphate, dialysed extensively against PBS, and analysed by two dimensional
gel electrophoresis.
Preparation of cryoglobulins. Cryoglobulins were isolated as described by Winfield, Koffler &
Kunkel (1975). Serum was allowed to cryoprecipitate at 4°C for 4 days. Samples were centrifuged at
800g at 4°C, and supernatants carefully removed. The cryoprecipitates were gently washed in ice
cold PBS, followed by three washes in ice cold distilled water.
RESULTS
A typical, high resolution, two dimensional gel of I yl of + /+ serum is shown in Fig. 1. The high
molecular weight proteins are near the top of gels and acidic proteins are to the left. The pattern is
complex but highly reproducible with more than 300 silver stained protein spots present. The
families of immunoglobulin heavy and light chains are clearly seen with few light chains having
isoelectric points more acidic than albumin (pI about 5 0). Analysis of 'normal' sera from C57 BL
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Fig. 1. Two dimensional gel pattern of serum proteins from a 5 month old + / + mouse. Several proteins have
been identified by reference to the Anderson map of human plasma proteins. Alb, albumin; IgGH, Ig heavy
chains; IgGL, Ig light chains; APO A-l, Apo A-l lipoprotein. Proteins are visualized with a silver stain. The high
molecular weight proteins are towards the top of gels and acidic proteins to the left.
and A.SW mice and of eight + /+ sera from mice ranging from 6-8 months of age revealed
essentially the same pattern. In contrast, analysis ofserum from 5 month old lpr mice demonstrated
one or more (usually two) novel peptides with mol. wts about 27,000 and isoelectric points between
4 0 and 5 0 (Fig. 2). No other proteins were dramatically increased in concentration in lpr sera,
compared to normal or to + / +. Seventeen of 17 sera from male and female lpr mice 4 months and
older exhibited such acidic material. While immunoglobulin staining was more intense in lpr sera,
the two dimensional gel pattern of immunoglobulin light and heavy chains suggested a
heterogeneous, rather than a clonally restricted increase in IgG.
The novel peptides described above appeared to belong to the immunoglobulin light chain
family; this relationship was formally established using electrophoretic blotting, as shown in Fig. 3,
where the acidic light chains found in a typical lpr serum are seen to react with affinity purified
antibody to K light chain.
Because the disease of the lpr strain is progressive, we surveyed the serum ofmice ofvarious ages
for the presence of acidic light chains. While a pool made from four newborn sera and another made
from three 2 week sera were negative, traces of acidic light chains were seen in two samples from 4
week old mice. These spots were more prominent in two samples from 16 week old mice. Thus, lpr
mice acquired progressively increased amounts of circulating acidic light chains as their
autoimmune disease developed (Andrews et al., 1978).
We next examined serum from several other mouse strains which acquire spontaneous SLE like
syndromes. Two sera from ageing female (NZB/NZW) Fl hybrids were found to contain acidic
light chain spots, but these spots were not as intensely stained as in lpr sera. Similarly, three samples
from 9 month old male BXSB mice, which also develop a lupus like syndrome, also contained acidic
light chains. In contrast, serum from two NZB mice (9 month old females), which develop a
clinically distinct form of autoimmune disease, contained only traces of acidic light chains.
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Fig. 2. Two dimensional gel pattern ofserum proteins from a 5 month old lpr mouse. Arrow indicates spots with
molecular masses around 27,000 daltons and an isoelectric point near 4 0.
Fig. 3. Electrophoretic blot of a two dimensional gel of 5 month old Ipr serum stained for K light chains. Acidic
spots (arrow) react with antibody to K light chains.
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The acidic light chains in lpr serum might be merely a consequence of the overall increase in IgG
levels seen in these mice (Andrews et al., 1978). We therefore quantitated IgG levels by radial
immunodiffusion (Mancini et al., 1965) on a panel of 15 lpr sera, which were then analysed by two
dimensional electrophoresis. Some of the most prominent acidic light chain spots were in samples
where IgG levels were as low as 10 mg/ml, while some sera with IgG levels as high as 60 mg/ml had
only barely detectable acidic light chains. Thus, hypergammaglobulinaemia alone did not account
for the acidic light chains in the lpr sera.
Serum IgG levels were also quantitated in five normal and five + / + mice. Serum samples from
normal, + / + or lpr animals containing equivalent amounts of IgG (70 rg) were then analysed by
two dimensional gel electrophoresis in order to determine if trace quantities of acidic light chains
were demonstrable in normal sera. Two dimensional gel electrophoretic patterns of such samples
exhibited overloading of the non-immunoglobulin serum proteins. Some staining of acidic light
chains was present, indicating that small amounts of acidic light chains are detectable in the serum
of normal and + / + mice.
The acidic light chains described could circulate either free or as components of whole
immunoglobulin molecules. To distinguish between these possibilities, samples of lpr serum were
exhaustively absorbed with heat killed and formalinized Cowans strain staphylococci, and the
residual serum was analysed by two dimensional gel electrophoresis. Quantitation of IgG by radial
immunodiffusion confirmed that > 95% of the IgG had been removed. Two dimensional gels ofIgG
depleted serum contained neither detectable acidic light chains, nor y heavy chains suggesting that
the acidic light chains circulated predominantly as components of IgG. The residual light chains
which remained after absorption were presumed to have been associated with non-y heavy chains.
Lpr mice develop massive cryoglobulinaemia and immune complex glomerulonephritis. It was
possible that the unusual immunoglobulin light chains observed might be components of
cryoglobulins or glomerular eluates, and thus potentially involved in immune complex formation.
Two dimensional gel electrophoresis performed on cryoglobulins (Fig. 4) purified from the serum of
a 5 month old lpr mouse revealed prominent acidic light chains, similar to those found in the
supernatant of the same serum. Similarly, the kidney eluates prepared from the same or similar
Fig. 4. Two dimensional gel pattern of cryoglobulins from serum of lpr mouse. Acidic light chains (arrow) are
present.
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animals also contained proteins which electrophoresed to positions analogous to acidic immunog-
lobulin light chains. No unusual non-serum proteins were observed in the cryoglobulins, while
many non-serum proteins presumably of renal origin were present in the glomerular eluates.
DISCUSSION
The present study demonstrates the presence of IgG molecules with unusually acidic light chains in
the serum, cryoglobulins, and glomerular eluates of SLE mice. These acidic light chains were not
detected in + / + or normal mouse strains when identical 1 yl serum samples were analysed by two
dimensional gel electrophoresis. They have also not been seen in BALB/c mouse serum analysed
under similar conditions (Anderson, 1981). The highest levels of serum IgG in adult lpr animals
were not associated with the most intensely stained acidic light chain spots in twodimensional gels,
indicating that the acidic light chains were not solely a consequence of increased IgG levels. The
unusually acidic light chains were seen in small amounts, however, in + / + or normal samples,
when the serum volume electrophoresed was increased so that it contained amounts of IgG similar
to what is present in the average lpr mouse.
As the acidic light chains observed in the SLE mice were shown to be constituents of complete
immunoglobulin molecules, they may be more negatively charged than most IgG molecules. Such
immunoglobulins, possibly as constituents of immune complexes, might well influence the pattern
of disease in SLE mice. For example, several recent studies indicate that charge is a crucial
determinant in the pattern ofimmune complex glomerulonephritis (Border et al., 1981; 1982; Oite et
al., 1982; Gauthier, Mannik & Striker, 1982; Isaacs & Miller, 1982; Gallo, Caulin-Glaser & Lamm,
1981). Further investigations have indicated a relationship between charge and glomerular
deposition ofanti-DNA antibodies (Ebling, Freeman & Hahn, 1980). Although our studies are not
quantitative, the presence of immunoglobulins with acidic light chains both in cryoglobulins and
glomerular eluates suggests that this material is deposited with resulting immune injury. In most of
the cited studies, however, the proteins deposited in glomeruli have been found to bear a net positive
charge. We have no explanation for the apparent discrepancy with our results, except to emphasize
that our serum preparations have been reduced and thus that the charge borne by the native
immunoglobulin molecules is not known with certainty.
One of the main goals of this study was to determine if the lpr mice, which differ from the + /+
mice by a single gene, contain unique protein markers in serum. While our conclusions are limited
by the sensitivity of the technique, no obvious uniquely lacking or uniquely present protein was
found in lpr serum. This finding suggests that the lpr gene product is not a major serum protein. The
two dimensional gel electrophoresis analysis of lpr cryoglobulins provides evidence against the
presence of unique protein antigens in immune complexes, as there were no unusual proteins
observed. The glomerular eluates, however, merit further attention with regard to distinguishing
between normal glomerular proteins and those associated with immune complexes.
Lpr mice clearly have a marked increase in IgG levels. While polyclonal activation ofB cells may
be part of this increase, the incidence of paraproteins has been reported to be high in these mice
(Andrews et al., 1978). Our data indicate that the increase in IgG is heterogeneous, with no evidence
for clonal restriction of IgG in any of the animals studied.
The specificity of the antibodies containing the highly acidic light chains remains undetermined.
It is noteworthy that these unusual proteins were found predominantly in the serum of SLE mice
which develop severe renal disease, with only small amounts seen in NZB, which develop only mild
renal disease. It is therefore tempting to speculate that the acidic light chains might be involved in
glomerular deposition of immune complexes, as suggested above or alternatively might be
constituents of particular autoantibodies present in some SLE strains, but only to a minor extent in
NZB or normals.
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